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Background

Dioxins refer to a group of polychlonnated dibenzo-p-dioxins and dibenzofurans (PCDD and
PCDF. Seventeen of these dioxin compounds (or congeners) have been grouped together
because of their similarities in chemical, physical, and toxic properties. The most toxic and most
researched of the group is 2,3,7,8-tetrachlorinated dibenzo-p-dioxin (2,3,7,8-TCDD). The other
sixteen compounds are congeners of 2,3,7,8-TCDD. The toxicity of mixtures of dioxins and
furans is determined from the toxicity of each congener relative to the toxicity of 2,3,7,8-TCDD.

The only significant transformation process for dioxins is degradation by sunlight of unabsorbed
dioxins. However, because dioxins are primarily adsorbed onto particulate and organic matter
due to their lipophilicity and low solubility in water, they are very stable in the environment.
Dioxins released to the environment are either photodegraded or deposited onto the soil where
they are buried or eroded with the soil into the aquatic environment.

A study conducted in|1994 l;found dioxins and other contaminants including polychlorinated
biphenyls, methyl mercury, and DDT in the tissue of fish caught from various locations within
San Francisco Bay (SFRWQCB, 1995). The concentrations of dioxins found were well within
the reported backgrod‘nd range established in a recent USEPA survey (U.S. EPA, 1992). The
USEPA has expressed concern that the background levels may be too high, considering the
extreme toxicity of dioxins. Based on the results from the San Francisco Bay study, the
California Office of Environmental Health Hazard Assessment issued an interim advisory in
December 1994, for consumption of fish from the Bay because of the levels of all the
contaminants found. Monitoring data for point source discharges to the Bay have shown the
presence of dioxins in the dischaxges from a number of sewage treatment plants and petroleum
refineries. A study conducted in Germany, and an ongoing study by the Tosco Corporation
indicate the presence dioxins in urban runoff.

Area, and to determine if there is a significant difference between runoff from urban areas
compared to runoff from petroleum refineries. The types of areas sampled during this survey
include petroleum refinery process areas, residential and commercial areas and open space areas.

The purpose of this S:E'vey is to confirm the presence of dioxins in storm water runoff in the Bay
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The participants and contributors to this survey are the Western States Petroleum Association
and its San Francisco Bay Area members (Chevron U.S.A., Exxon Corp., Shell Martinez
Refining Co., Tosco Corp., and Unocal), the Santa Clara Valley Water District, Alameda County
Public Works, Contra Costa County Public Works Department, Fairfield Suisun Sewer District,
and the San Francisco Bay Regional Water Quality Control Board.

Sampling Stati

There were a total of thirteen stations in this survey. The locations are shown on Figure 1.
Runoff at six of the stations are from large urban areas consisting of a mixture of developed,
undeveloped, residential, commercial, light industrial, and heavy industrial land uses. The other
seven stations consist of runoff from areas within and/or adjacent to petroleum refineries. All the
stations are described in more detail on Table 1. Additionally, this report summarizes and
incorporates data collected by Tosco Corp. at three other stations located in Sonoma, Napa and
Contra Costa Counties as part of a separate investigation.

There are five petroleum refineries in the Bay Area. Runoff fromlprocess areas at four of them
are currently combined with process wastewaters and treated at that refinery’s wastewater
treatment plant. Therefore, the runoff sampled at these facilities consist of runoff from “non-
process” areas such as tank farms, roads, and adjacent open space: The fifth refinery, Shell,
occasionally discharges runoff from a portion of its process area. ‘The runoff from this area is
normally diverted to the treatment plant. However, if the intensity of a storm exceeds diversion
capacity, overflow from the diversion system drains to a series of retention ponds prior to
discharge to the Bay. Shell sampled both the overflow entering the retention ponds and the
discharge from the last retention pond for this survey.

Like Shell, Tosco also sampled at two locations. Runoff from Tosco’s secondary containment
around a tank farm drains into an earthen impoundment prior to discharge into Pacheco Slough.
Samples of the runoff flowing into and out of the impoundment was collected for this survey.

Analvtical Me

Two storm events during the 95/96 wet weather season were sam;‘iled at each station. Personnel
from each of the entities responsible for that discharge performed the sampling. For example,
Shell personnel sampled their two stations, and Contra Costa County personnel sampled their
two stations. Written sampling procedures (Appendix A) and sample bottles from one laboratory
was distributed to each participant to reduce data variability from sample collection. Data
variability was further minimized by having all analysis pcrfonned by one laboratory: Alta
Analytical Laboratory Inc. in El Dorado Hills, California. As a chieck on data reproducibility,
five out of the thirty samples analyzed for this survey were duphcate samples.



The analytical method used is the USEPA Method 1613a for Tetra- through Octa- Chlorinated
Dioxins and Furans b{y Isotope Dilution HRGC/HRMS. Alta Analytical is certified by the
California Department of Health Services to perform this procedure.

Suspended solids for each sample was determined using a method developed by Alta Analytical
(Appendix B). This thethod is slightly different than Standard Methods 2540D for Total
Suspended Solids dri .d at ]1‘03-105C. Alta’s procedure involves filtering a sample through a 0.42
pm cellulose acetate filter, and drying the filter and residue at room temperature until constant
weight. The increase in weight of the filter is the suspended solids from the sample.

ev Re

The 1989 international scheme, which has been adopted by the USEPA (Appendix C), was used
to calculate the toxicity equivalence (TEQ) of each sample. The TEQ is a weighted sum of the
concentrations of the seventeen congeners of 2,3,7,8-TCDD. Analytical results below the
reporting limit was assumed to be zero in calculating the TEQ for this survey. Table 2
summarizes the TEQ Lmd suspended solids data. Tables 3 through 32 present the detailed results
for each sample. LabJ)ratory reports and other sample documentation are included in Appendix
D. Appendix Disa s parate volume of this report and is available upon written request to the
Regional Water Quality Control Board.

The duplicate results for dioxins and furans were very good with relative percent differences
ranging from I to 33 percent. The duplicate results for suspended solids were not as good. The
relative percent differences range from 0 to 100 percent.

nclusions
The results confirmed the presence of dioxins in urban runoff and runoff from petroleum refinery
property. The predominate congeners found were the highly chlorinated ones. Generally, more

of the PCDDs were d ‘tect than the PCDFs.

Because of the limited sample size, any trends or lack of trends are not definitive. However, the
following observations are made to stimulate further discussion of these matters.

There is a fair correlation of 2,3,7,8-TCDD TEQ to suspended solids as shown in Figure 2. The
coefficient of correlation is 0.58. The line shown on Figure 2 is from least square regression.
The results from duplicate samples were averaged for these calculations. The increase in dioxins
with increasing suspended solids is expected and fits into the theory that dioxins adsorb onto
particulates and are carried to the aquatic environment by erosion.

There does not appear|to be significant difference in the congener profiles between general urban
runoff and refinery ruxPoff as shown in Figures 3 through 5. Also, there does not appear to be
significant difference in dioxins concentrations between northemn and southern/central drainages
in the Bay Area. The slightly higher concentrations in the southemn drainage stations may be due




more to higher suspended solids in those samples. The higher suspended solids could be due to
when each sample was collected relative to when the storm started.

The data do show that sedimentation basins are very effective in minimizing the amount of
dioxins that reach the Bay as shown by Shell and Tosco’s impoundment inlet and outlet samples.

The USEPA water quality criterion for 2,3,7,8- TCDD is 0.014 pg/l for fresh waters which are not
drinking water sources. This value is based on a 10 cancer risk level from fish consumption.
The detection limits from all the samples collected in this survey were too high to determine if
this level is achieved in the creeks and rivers sampled. For comparative purposes, if the criterion
of 0.014 pg/l is applied to the mixture of congeners, in other words as 0.014 pg/l TEQ, all except
two of the samples in this survey exceed this value,

l
If there are future efforts, the analytical quantification limit should be lowered to enable
quantification of 2,3,7,8-TCDD. This may be accomplished through concentration of the sample
by solid phase extraction in the field.

REFERENCES

San Francisco Regional Water Quality Control Board, State Water Resources Control Board,
California Department of Fish and Game (1995) Contaminant Levels in Fish Tissue in San
Francisco Bay.

U.S. Environmental Protection Agency (1992) National Study of Chemical Residues in Fish,
EPA-823-R-02-008. Office of Science and Technology, Washington, D.C.



; Station Locati




"uIseq judwpunodwi I3jem ULOIS WO 19NQ ‘diopy oosol | QO £009-MS
"SEare ULE] Jue} pasedun Jo saloe G| § WO}
aFeureIp saA13931 Jeyj) Uiseq Justrpunodiu I9jem UWII0JS UIYIes Ue 0f J9Uf ‘diop ooso], u] €00d-MS

"(3{1uogo[S aye]) uiseq justapunoduIl JajeMm WIO)S wWol 120

00 Suruiey ounteI 1j9YS

a3reyosiq-z00d

*SuLe} jyue) pue ‘(seare 1o3{01d spand ues|) pue
Suissaooid 110 W31T) seare ssasold A1aulyaa Jo sa1oe | ¢z woiy sFeurerp

S9A12931 18y} (1U0qO[S S)e]) ulseq Juswpunodwr Jjem WIO)S © 0] 13[U] -0D) Suruyyay] zaunre [[SYS P334-Z00H
.~ "0 SJEISIaU] pUE ‘03pOY jO R S
umo} o} Jo mnoﬁom puej padojaaspun Aprewnrd Suturelp }2910 pstuetu[) _uoocb I-MS
(2457) sAempeol pue 530]
Suryred pue ‘(s,6,) 9oeds usdo jo saroe pgg WoIJ aFeurelp SIAIAAI 3B
(1# puod uonepIxQ) uiseq juswpunoduil }2}em ULIO)S B WOLJ MOIISAQD V'Sl uoIasy) puod XO 1#
(%b) [BISnpUl/[RIaIsUII0d
pue (% Zp) [enuspisar (3,6 1) emynoude (%46 ¢) oords younedaq
uado Jo eaze a108-0EG S B WOIJ AFLUIRIP SIAISOI UOTIE)S ¥2aI)) Inu[epy | syHom d1jqng £juno)) viso)) enuo)) (4300
"(%1) eMSNpUL/[RIDISIWOD (%€ ]) [eBUIPISAT (%49) [esmnoude (%77) wouredaq
aoeds uado Jo 219e-()99°6 © WoIJ d3eUreIp SOAII02I UOTIE)S Y9010 WY | sylop 1 qnd £1uno)) eiso)) enuoe) 1SOD
*(2407) 2ouds uado pue ‘(o4 ) [eIISWWIOd ‘(24€/) [BIUIPISAI JO FUNSISUOD wowedaq
$310% ()97 JO BOIe Ue WO SZeuresp SIAI2021 UOTIEIS Ya31D) Ad]{BA ONISB) sylop Oljqnd epaure|y €S
(%) TeInsnput pue (44,5) [EIIAWWOD ‘(% 19) [eNUdPISaI (%40€) oouds
uado Jo Bunsisuos saxoe ()0 c6 JO Bate aZeurelp jejo) B SBY UoleS SIYL | IOLISI( 19 A3[BA BIR[D BIURS
Y931) S0JeL) SO YIIm 30USNJUOD I Jo Weansumop oAy adnjepens) | oy 10} ou] ‘SaLIOJRIOqE] ONAUUTY £€S-0S
(%Z€) [eIoIsWod pue ‘(%89) [eNUSPISA
J0 8uysisuod paziueqan AJJOYs S BaIe Y, 'S2I0R (L€ JO B UB WO |  JOIISI(T IoJeM AJ[[BA BIR[D BIURS
sFeurelp saaoar Juiod SIY] 'eAY SduRYMY jE [ouuRY)) ISeY o[eakuuns { ) JoJ ouj ‘sai0jeI0qE] dNOUUTY| 7S-08S
wondunsaq Aqg pojdureg uonels

suone)§ sjduwes 1 9|qe],



"33pio 2ouei{dwIod B y)im 30UepI0ddE Ul *d10)) 0950, £q palonpuod Sureq ApuaLing uolednsaaul [eroads e Jo wed se pajdures uonelg ,

“BUMje}od Ul
JoAny winjejad sy) Jo weassdn ysnf ways£g a3eurel(] peoy BUOIO)) YUON ‘die)) 0950, ~Ad-SI
- 28plIg 19211 UOSIBJIA[ Je edeN Ul Joaly edeN __'diop 03so, LIN-SL
Ay unsing ul [oUURY) JONUO POQL] YA2i) [2Ine] | JOLISI( 1OM3G UNSING PRNed | 70004
*s30] Supyred
pue s{empeoi jo 3unsisuod (9] ) Seare pased jo uontod [[ews pue ‘sease
umopAe] Juawdinba ‘aoeds uado Jo saroe 49 Jurutelp ¥9a1d paweuuny -d10)) uoxxyq SO0 [epno
TSJD uoneg
Jo meansumop safiwt g A[sjewtixoiddy peoy a8euol,] je yoo1) muem ‘d1o) ooso], OM-SL

uonduoasa(] Ag pajdwresg uones







‘Table 2 Data Summary

Suspended Solids (mg/l)

Station Sample Date 2,3,7,8-TCDD TEQ (pg/l)
SC-82 14-Dec-95 11 170
1-Apr-96 1.1 12
SC-S83 14-Dec-95 15 130
1-Apr-96 41 140
1-Apr-96 (duplicate”) 4 160
83 16-Jan-96 11 0
16-Jan-96 (duplicate) 10 1200
1-Apr-96 26 312
CCs1 11-Dec-95 14 410
1-Apr-96 11 238
cCs2 11-Dec-95 6.1 300
1-Apr-96 51 1050
LB-0002 11-Dec-85 0.64 91
11-Dec-95 (duplicate) 0.68 not avail.
1-Apr-96 0.14 36
#1 Ox Pond 12-Dec-85 8.3 62
21-Feb-96 0.08 8.1
SW-1 11-Dec-95 68 470
15-Feb-96 3 170
EQ002-Feed 11-Dec-95 60 1200
15-Feb-96 56 3443
E002-Discharge 11-Dec-985 11 40
11-Dec-85 (duplicate) 0.77 40
18-Feb-96 0 0
SW-E003-IN 11-Dec-95 26 640 [15]
15-Feb-96 2.9 422 [200]
156-Feb-96 (duplicate) 5.8 183
SW-E003-OUT 21-Feb-96 0.47 1 [26]
Outfall 005 11-Dec-95 8.9 1800 [772F
15-Feb-96 0.74 177
TS-WC* 16-Jan-96 3.1 154 [59]
12-Mar-96 0.71 0[270]
TS-NR* 27-Feb-96 0.14 81[2]
10-Mar-96 0.52 10 [4]
TS-PR* 27-Feb-96 1.1 14 [36]
10-Mar-96 0.2 2[13]

[ ] Data using Standard Method 25400 for Total Suspended Solids.
' This sample is a blind duplicate unknown to the laboratory. The other duplicate samples were known by the
laboratory to be duplicates.

2 TSS data from this stati
* Data on stations TS-WC
by Tosco Corp. as part

on using a sample collected 30 minutes before the grab sample for dioxins.

» NR and PR are summarized here for information only. These stations are sampled
of a separate investigation.
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Figure 5 Congener Profiles
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APPENDIX A

Sample Collection Procedure






